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Figure 1. Differential anesthetic effects.
A few overlapping processes that might lead to the immobility endpoint. The Singaram et al. [5]
study suggests that halothane immobility is transduced dominantly via the resting membrane
potential (resting membrane potential; thick blue arrow), although prior work shows that halo-
thane also affects targets like synaptic receptors and machinery that underlie the other two
processes (thin blue arrows). As the results of Singaram et al. [5] also indicate that isoflurane
does not achieve immobility via resting membrane potential, even though it acts on many of
the same ion channels as halothane (for example, tandem-pore K-channels, tonic GABA
receptors), its dominant pathway for achieving immobility might be via synaptic receptors
(thick green arrow) — or perhaps through synaptic machinery, mitochondria or direct muscle
effects (excitation-contraction, EC, coupling). Thus, similar in vitro effects may not translate to
similar in vivo effects.
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Ion channels with this degree of
selectivity have not yet emerged, and
the only high resolution complexes in
the Protein Database (http://www.rcsb.
org/pdb) show that isoflurane and
halothane occupy the same protein
binding sites with comparable, and
relatively high, affinity [11].
What targets then? One possibility
might be within the large family of
G-protein-coupled receptors.
The largest subgroup of these
receptors, those underlying olfaction,
have evolved to detect and distinguish
small volatile molecules from each
other, and any anesthesiologist
knows that halothane and isoflurane
smell different! In fact, previous
work has shown that individual
olfactory receptors can distinguish
halothane from isoflurane from
sevoflurane [12]. Finally, these
receptors are not just expressed
in the nose — some are found in the
brain and spinal cord — suggesting
that they might serve an internal
chemical sensing role, in addition
to their more familiar external role.
Finding such a target should be
of high priority, as this sort of
selectivity argues strongly that
necessary and sufficient targets
might exist and, more importantly,
that further anesthetic drug
optimization can occur.As an aside, this paper [5] should be
of general interest to experimental
biologists. Anesthetic drugs are clearly
not non-specific enough tobe ignored in
experimental models. Their required
(and justified) use in animals tominimize
pain and suffering may contaminate
data in unpredictable ways. But,
because this study suggests not all
anesthetics act alike, additional controls
with other anesthetics should allow
agreaterdegreeof confidence in results.
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Advice from PiranhasAn elegant new study has correlated the generation of sound patterns in the
red-bellied piranha (Pygocentrus nattereri) with three distinct behaviours.Edda Kastenhuber
and Stephan C.F. Neuhauss
The proverb that barking dogs never
bite might be true for the mammalian
species but clearly not for the
red-bellied piranha Pygocentrusnattereri, which is justifiably dreaded
for its flesh-shearing bites. This
carnivorous fish inhabits the wild rivers
of South America and might be best
known for its unique, sharp rows of
teeth and bloody-minded craving for
meat, which perhaps explains why only
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Figure 1. Correlation of recorded sound patterns with observed behaviours in red-bellied
piranhas (Pygocentrus nattereri).
The three different sound types produced by P. nattereri and the behaviour that was associ-
ated with each sound in a test tank. Oscillograms and sonograms show the acoustic proper-
ties of the sound recorded in the lower panel (reproduced from [4] with permission from
The Journal of Experimental Biology: jeb.biologists.org). The upper panel illustrates the
correlated behaviour and a depiction of the sound’s nature in the speech bubble. (A) Piranhas
emit a barking sound during conspecific confrontations. (B) A larger fish produces a drum-like
sound during circling and fighting. This usually happens when piranhas compete for food.
(C) Chasing and biting behaviour was associated with a rattling sound. (Piranha image credit:
istockphoto.com)
Dispatch
R987few daring scientists venture to study
piranhas and their behaviour. Although
it is well known that piranhas emit
a drumming-like sound if they are taken
out of water and kept in hand or in a gill
net [1–3], there has been no satisfying
explanation for this peculiar
phenomenon yet. A recent study [4]
took a new approach to demonstrate
acoustic communication and
associated behaviour in red-bellied
piranhas. They recorded three sound
patterns, elucidated the mechanisms
of sound production, and could directly
correlate the sounds with distinct
social behaviours.
Most people consider fish to be
mute overall, but we should listen again
more carefully. There are a surprisingly
high number of sonic species among
teleost fish that have evolved different
modes to produce a wide variety of
acoustic signals, including the ability
to hear them. How does it sound
when fish speak to each other?
Acoustic recordings lead to the
expressive description of their
phonetic language as ‘hums’, ‘growls’,
‘grunts’, ‘boatwhistles’, ‘hoots’,
‘chirps’, and many more (summarized
in [5,6]). Two basic mechanisms exist
by which fish generate these sounds:
by muscle contractions inducing
a displacement of the swimbladder
and by stridulation of bony body
parts, such as the teeth or fins.
Fish generally perceive underwater
sounds through their lateral line and
inner ear organs, transducing high
and low threshold signals, respectively
[7–9]. In an impressive display of
convergent evolution, one superorder
of fish, the Ostariophysi, have even
evolved the Weberian apparatus,
which consists of a set of bones
(Weberian ossicles) that connect
the swim bladder with the auditory
system.
When do fish raise their voice?
Just like in other animals, acoustic
communication in teleosts is
predominantly used for conspecific
communication. Soniferous fish
vocalize in a seductive manner during
courtship and mating, aggressively to
defend their territory or to optimize
spacing within fish schools, and they
might produce alerting signals in
danger. Arguably in contrast to
humans, males are often more vocal
than females. A well studied example is
the male plainfin midshipman fish
(Porichthys notatus), which ‘‘sings’’
to attract silent females to his nestfor reproduction [10,11]. Although
acoustic communication seems to
play an important role in the social
behaviour of teleosts, in most species
surprisingly little is known about the
context of vocalization and behaviour.
The new study of Millot et al. [4] is an
important contribution to closing this
gap in our knowledge.
Millot et al. [4] explored not only
the sounds of piranhas, but also the
behavioural context in which they are
used, and how they are generated.
In order to correlate acoustic signals
with behaviour, they simultaneously
recorded audio- and video signals from
a group of ten fish in a tank. Thereby,
they could identify three different
sounds, each associated with a distinct
behaviour (Figure 1). The first sound
had a fundamental frequency of
approximately 120 Hz and resembles
the barking of a dog. In most cases
fish generated this call during head-on
confrontations with a conspecific
potentially followed by direct contact
but rarely biting.
A second signal was at an even
lower fundamental frequency ofapproximately 40 Hz and sounds to
human ears like drumming. It was most
often observed when the piranhas
competed for food, thereby circling
around each other and fighting, bites
inclusive. Usually the largest fish of the
group generates this sound.
The last call analyzed had a relative
high fundamental frequency of about
1740 Hz. Fish used it when they were
chasing other fish with the intent of
biting. In this case, the sound is
produced by snapping of its jaw. This
is in line with descriptions of other
teleosts using stridulation of bony
elements for acoustic communication
[5]. In contrast, the first two types of
sound were generated by movement
of the swimbladder. It has been
previously reported that, similar to
other teleost fish [12], piranhas use
fast-contracting sonic muscles to
displace the walls of the gas-filled
swimbladder in order to produce
sound [2,3,13].
Millot et al. [4] further investigated
the vibrations of the swimbladder with
a sophisticated, new approach that
included a laser Doppler vibrometer
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electrodes. Thereby, they could show
that only the cranial sac of the
swimbladder is important for sound
production. The caudal sac of the
swimbladder is apparently not
involved. Additionally, they found
a direct correlation of the swimbladder
vibration frequency with the sonic
muscle contraction rate, meaning that
the sound ceased as soon as muscle
stimulation stopped.
Taken together, this exciting study
by Mallot et al. [4] combined different
new methods to analyze acoustic
communication of piranhas at multiple
levels. Importantly, they were able to
correlate sound patterns with specific
behaviours. Notably, these observed
behaviours in the laboratory were only
of aggressive nature, feeding the
stereotypic view of the voracious
piranha. Studies in the wild will have to
follow to elucidate if there is a larger
repertoire of sounds produced by
gentle piranhas during mating
behaviour. Hence, we are eagerly
waiting for an update on the romantic
vein of this teleost fish, not observablein captivity. Meanwhile, we should
keep in mind we are smart to act
on the sound advice of barking
piranhas not to pick them up. All three
dauntless scientists of this study ended
up in hospital to get stitched after
a piranha bite.
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Budding Regulated by a
Phosphatidylethanolamine TranslocaseRecent work on a Caenorhabditis elegans transmembrane ATPase reveals
a central role for the aminophospholipid phosphatidylethanolamine in the
production of a class of extracellular vesicles.Simon Tuck
One important way in which cells
interact with their environment is via
extracellular vesicles: 40–1,000 nm
in size, these subcellular parcels can
contain proteins, lipids, mRNAs or
microRNAs and can transfer their
contents to other cells. Extracellular
vesicles have a wide variety of
functions: they modulate immune
responses, induce blood clotting,
influence developmental decisions
or induce the metastasis of tumor
cells [1]. Ectosomes (also called
microparticles or microvesicles),
which comprise one of the two major
classes of extracellular vesicles, form
by budding directly from the plasmamembrane. Despite the ubiquity of
ectosomes, however, the molecules
governing their formation are largely
unknown. A paper in a recent issue of
Current Biology by Wehman et al. [2]
provides important new mechanistic
insights into this process. These results
provide strong support for a model
in which changes in the distribution
of a particular phospholipid —
phosphatidylethanolamine — play
a leading role.
The model arises from experiments
with the nematode Caenorhabditis
elegans and, in particular, a genetic
screen for genes required for
embryogenesis. Cells in embryos
lacking the activity of TAT-5, a type IV
P-type ATPase, were found to beseparated by a thick layer of tubules
and vesicles bearing all the hallmarks
of ectosomes. In particular, careful
analysis of these structures by
electron tomography showed that,
while most were fully separated
from the plasma membrane (and thus
were genuine vesicles rather than villi),
some were still attached: they
had been captured in the act of
budding. This mode of formation
indicates that the vesicles are
ectosomes and not exosomes (which
arise from the fusion of cytoplasmic
multivesicular bodies with the plasma
membrane).
Type IV P-type ATPases are
a family of transmembrane
proteins, some of which are able to
translocate the aminophospholipids
phosphatidylserine or
phosphatidylethanolamine between
the two leaflets of biological
membranes [3,4]. First shown by
experiments with erythrocytes [5], the
leaflets making up the bilayers of
plasmamembranes of living eukaryotic
cells are asymmetric with respect to
their aminophospholipid contents:
whereas the outer (exofacial) leaflet is
